Host plant resistance, an important strategy of integrated pest management, was examined in the American cranberry, Vaccinium macrocarpon Aiton (Ericaceae). Despite the pressure on cranberry growers to reduce pesticide usage, host plant resistance is not used to help manage insect populations. This study measured field population densities of the three most economically important pest insects in Wisconsin, namely, cranberry fruitworm (Acrobasis vaccinii Riley), sparganothis fruitworm (Sparganothis sulfureana Clemens), and blackheaded fireworm (Rhopobota naevana Hü bner), in five different cranberry cultivars, i.e., 'Stevens', 'Ben Lear', 'GH1', 'Mullica Queen', and 'HyRed'. Population densities of male moths of all three species were assessed using pheromone traps in beds of the different cranberry cultivars in commercial marshes in central Wisconsin. For each cultivar, damaged cranberries were collected, and the number of damaged berries and the number of larvae feeding within berries were compared among cultivars. More than 99% of larvae collected were cranberry fruitworm. Mullica Queen and Ben Lear had more damaged berries than Stevens or GH1, and had more larvae than GH1. Conversely, fewer adult male sparganothis fruitworm were found in Ben Lear and Mullica Queen beds than in beds of Stevens or GH1. Adult populations of cranberry fruitworm and blackheaded fireworm were not different among cultivars. Our findings provide evidence of different levels of resistance in common cranberry cultivars, which should inform future plantings and breeding programs.
In agriculture, planting resistant crop cultivars allows growers to utilize natural plant defenses to protect against insect damage (Painter 1951 , Panda and Khush 1995 , Smith 2005 . In this strategy, known as host plant resistance (HPR), growers select crop cultivars with heritable qualities that can deter insect feeding and slow the establishment of pest populations (Painter 1951 , Smith 2005 . Two defined mechanisms through which resistant cultivars discourage insect damage are antibiosis, in which plant structures or chemicals kill or impair the development of insects, and antixenosis, in which insects avoid feeding or ovipositing on the plant (Painter 1951) . HPR is used in crops worldwide (reviewed in Smith 2005) and is an essential component of integrated pest management (IPM).
An important crop in the state of Wisconsin is the American cranberry, Vaccinium macrocarpon Aiton (Ericaceae), a native North American fruit that grows in dense mats of evergreen, perennial vines (Eck 1990) . Cranberry is a wetland plant, and commercial cranberry marshes depend on large volumes of water for production, so marshes are often located in sensitive wetland ecosystems. Wisconsin growers have consistently reported that their top pest concerns are insects, and that the most troublesome species is typically cranberry fruitworm, Acrobasis vaccinii Riley (Lepidoptera: Pyralidae) (Guédot and Lippert 2016) . To control such pests, growers often rely on broad-spectrum organophosphate insecticides such as chlorpyrifos, diazinon, and acephate (Rice-Mahr and Moffitt 1994, . The use of these insecticides can threaten the health of native wetlands, harm beneficial insects including pollinators and natural enemies (Marucci and Moulter 1992 , Averill and Sylvia 1998 , Polavarapu et al. 2001 , restrict cranberry sales to foreign markets if fruit surpasses maximum residue limits (MLRs) (Polavarapu et al. 2001) , and lead to resistance in some insect species (Averill and Sylvia 1998) .
In response to the problems associated with broad-spectrum insecticides, 88% of Wisconsin cranberry growers now integrate alternative strategies into their pest management practices (Colquhoun and Johnson 2010) . IPM techniques in this crop include the careful monitoring of insect populations (Blake et al. 2007 ) and flooding cranberry beds in the spring (Cockfield and Mahr 1992, Teixeira and Averill 2006) . Pheromone-based mating disruption is another strategy that has long held interest for the cranberry industry and is currently under development (Polavarapu et al. 2001, Steffan S., personal communication) . Among cranberry growers, there is strong interest in research to develop other effective IPM strategies (Blake et al. 2007 ). However, Wisconsin growers do not currently use resistant cranberry cultivars as a management strategy.
Despite extensive research on HPR in agricultural and ornamental crops, surprisingly little research has been carried out in cranberry, which was domesticated less than 200 yrs ago (Dana and Professor 1989) . The first U.S. Department of Agriculture (USDA) breeding program in 1929 yielded new cranberry cultivars with resistance to the disease vectoring blunt-nosed leafhopper, Limotettix (¼Scleroracus) vaccinii Van Duzee (Hemiptera: Cicadellidae). One of the cultivars released from this program was 'Stevens', the most widely grown cultivar today (Vorsa and Johnson-Cicalese 2012) . Since then, the focus of breeding has shifted to productivity, fruit quality, and fruit color (Vorsa and Johnson-Cicalese 2012) , but many of these new cultivars have not been assessed for insect resistance.
Recently, a few studies have indicated that gypsy moth, Lymantria dispar (L.) (Lepidoptera: Erebidae), may feed to a lesser extent on some cranberry cultivars in laboratory bioassays (Neto et al. 2010 , Rodriguez-Saona et al. 2011 ). These studies suggested that different cranberry cultivars exhibit different levels of defensive chemicals, including phenolics and sesquiterpenes. Higher levels of these defense compounds in cranberry cultivars have been correlated with lower rates of insect feeding in some studies (Neto et al. 2010) but not others (Rodriguez-Saona et al. 2011) . Gypsy moth larvae feeding on foliage of the native cultivar 'Ben Lear' and its progeny 'Crimson Queen' gained more mass than those feeding on the cultivars Stevens, 'Potter', and 'McFarlin', but concentrations of phenolic acids and flavonols were not significantly lower in these susceptible cultivars (Rodriguez-Saona et al. 2011 ). This research suggests that while there may be a chemical basis for resistance in cranberry cultivars, there are likely more factors involved.
There have not been studies of how different levels of insect feeding on cranberry cultivars in laboratory assays apply to pest damage in agricultural settings. Measuring field populations of insects in different cultivars is an important first step in determining resistance (Smith 2005) , and field sampling of insect populations has helped determine resistance in cultivars of many fruit crops, including blueberry resistance to plum curculio (Conotrachelus nenuphar Herbst) (Polavarapu et al. 2004) , grape resistance to two scarabaeid beetle species (Hammons et al. 2008) , and apple resistance to several common insect pests (Hogmire and Miller 2005) . In IPM, monitoring field populations of pests is key to deciding when a pest has surpassed economic thresholds and when management steps should be taken (Stern et al. 1959) , so measuring naturally occurring insect populations among cultivars can have a direct impact on management.
Wisconsin produces nearly 60% of cranberries in the United States (Colquhoun and Johnson 2010, USDA-NASS 2013) , yet very few of the commonly grown cultivars in the state have been tested for insect resistance. Gypsy moth, the subject of most prior research into cranberry HPR (Neto et al. 2010 , Rodriguez-Saona et al. 2011 , is only a pest of cranberry on the East Coast (Averill and Sylvia 1998) . As Wisconsin has different pests, cultivars, management strategies, and climate from the East Coast, more research is needed on pests and cultivars common to this important cranberryproducing state. The three most economically important pests of Wisconsin cranberry are cranberry fruitworm, a univoltine species in which the larvae feed exclusively within the cranberries; sparganothis fruitworm, Sparganothis sulfureana (Clemens) (Lepidoptera: Tortricidae), a bivoltine species that can feed on both foliage and fruit; and blackheaded fireworm, Rhopobota naevana (Hü bner) (Lepidoptera: Tortricidae), another bivoltine species that feeds on the foliage primarily but may also feed on the surface of the fruit (Averill and Sylvia 1998 , Fitzpatrick 2009 .
The objective of this research was to measure adult and larval field population densities of these three pest insects among the selected cranberry cultivars: Stevens, Ben Lear, 'GH1', 'HyRed', and 'Mullica Queen'. Cultivars were selected owing to their prevalence in Wisconsin commercial production and encompass a range of older native and cultivated varieties and newer cultivars. Stevens is generally considered the most popular and widely grown cultivar in Wisconsin. Ben Lear is a native cultivar that has shown susceptibility to gypsy moth (Rodriguez-Saona et al. 2011) , and anecdotal evidence suggests that it hosts higher populations of sparganothis fruitworm (Averill and Sylvia 1998) . GH1 is a recently released cultivar and is increasingly grown in Wisconsin (Schlautman et al. 2015) , as are the newer cultivars HyRed and Mullica Queen (McCown and Zeldin 2003, Rutgers Licensing and Technology 2016) . GH1, Mullica Queen, and HyRed have yet to be assessed for resistance to any insect pest.
Materials and Methods

Sites
Field sampling was conducted in commercial cranberry marshes in central Wisconsin near Wisconsin Rapids, Necedah and Warrens. Replicates (sites) were established using five marshes for a total of three to five replicates per cultivar. Cranberry beds are typically rectangular, 47 m in width with variable lengths, and separated by raised dikes. Beds ranged from 1.6 to 5.3 acres in size. Old and new cultivars of this perennial plant were assessed. Ben Lear beds ranged from 25 to 47 yrs old, Stevens beds ranged from 16 to 20 yrs old, GH1 beds ranged from 7 to 10 yrs old, HyRed beds ranged from 4 to 5 yrs old, and Mullica Queen bed ranged from 2 to 7 yrs old. Each grower utilized a different schedule to apply chemicals, including insect growth regulators, spinosyns, diamides, and organophosphates, and each bed on an individual marsh received a different treatment regimen. Each study bed was adjacent to at least one other bed of the same cultivar to minimize the likelihood of moths entering the bed from a different cultivar.
Cultivars
Commonly grown Wisconsin cultivars were used for this study. Ben Lear is a native cultivar that ripens early. Stevens is a cross from the initial 1929 breeding program of two native cultivars with resistance to Limotettix (¼Scleroracus) vaccinii and ripens midseason (Eck 1990) . GH1 is a cross of two native cultivars and shares a parent with Stevens (Schlautman et al. 2015) . GH1 ripens earlier than Stevens but later than Ben Lear (E. Grygleski, personal communication). HyRed is an early-ripening cultivar that is a recent cross between Stevens and Ben Lear (McCown and Zeldin 2003) . Mullica Queen is another recently developed cultivar that ripens earlier than Stevens and is unrelated to any of the other cultivars (Rutgers New Jersey Agricultural Experiment Station 2010).
Adult Population Density Assessment
Between early June and late August of 2013 and 2014, four sticky traps (P2 Traps, Great Lakes IPM Inc., Vestaburg, MI) were placed in each experimental bed of each of the five selected cranberry cultivars. Each trap contained a commercially available female sex pheromone lure for sparganothis fruitworm, blackheaded fireworm, or cranberry fruitworm, or contained no lure (control). Traps were placed on the edges of beds roughly at the center of the long edge. Thin, $1-m bamboo stakes were set at a 45
angle to the ground, perpendicular to the bed edge, and one trap was affixed to each stake with a twist tie just above the vine canopy. All four traps were placed in a line 20 m apart from one another, approximately 1 m from the bed edge, so that traps were approximately in the center of two adjacent beds of the same cultivar. Traps were replaced and their order randomized each week. In accordance with manufacturer's recommendations, lures for sparganothis fruitworm (1 mg a.i./septum; Great Lakes IPM Inc., Vestaburg, MI), blackheaded fireworm (2 mg a.i./septum; Scentry Biologicals Inc., Billings, MT), and cranberry fruitworm (300 mg a.i./septum; Great lakes IPM Inc.) were replaced every 2 wk. After the first 3 wk of the 2013 season, the sparganothis fruitworm and cranberry fruitworm lures were found to be ineffective, and a different manufacturer was used thereafter, i.e., Ag-Bio Inc. (Westminster, CO) for sparganothis fruitworm (3% load) and ISCA Technologies (Riverside, CA) for cranberry fruitworm (1 mg a.i./septum), and lures were replaced every 4 wk. The blackheaded fireworm lures (Scentry Biologicals Inc., Billings, MT) were used for the entirety of the study. Each week, traps were returned to the laboratory and the number of male moths was recorded for each species in each trap. Traps were first set just before the first flight of all three species began and removed after trap counts were zeros and before the second flight of sparganothis fruitworm and blackheaded fireworm had begun. Traps were monitored from June 13 to August 22 in 2013 and June 2 to August 12 in 2014.
Fruit Damage and Larval Population Assessment
In July and August of 2014 and 2015, fruit damage and larval populations in different cultivars were assessed by setting a 100-m transect along the long edge of each bed, $2 m from the edge. Transects were set on the edges of the bed to minimize walking in the interior of the beds, and because populations of all three species are concentrated on bed edges (Averill and Sylvia 1998, Sylvia and Averill, 2005) . Cranberries are known to turn prematurely red as a response to damage, including insect feeding (Franklin 1948 , Neunzig 1972 , so damaged berries infested with larvae are easily identified. For each transect, all prematurely red fruit within arm's reach ($1 m on each side of the researcher) were collected. Inspecting cranberry uprights to identify webbed-together uprights is commonly used to monitor for blackheaded fireworm (Sylvia and Averill, 2005) and sparganothis fruitworm (Sylvia and Averill 2013) , thus all webbed uprights observed were collected.
A separate transect was used for each of the 3 wk of fruit collection to avoid sampling the same area in a bed more than once. The transects for a given cultivar were either in the bed containing the pheromone traps or in the adjacent bed of the same cultivar. The first week's transect was immediately across the dike from the pheromone traps in the adjacent bed, the second week's transect was placed on the opposite edge of the bed containing the traps, and the third week's transect was set in the same bed as the first transect on the opposite edge. Berries were collected for all cultivars at all sites once per week for 3 wk (July 14-17, July 20-24, and August 4-5 in 2014 and July 13-14, July 19-23, and July 27-29 in 2015).
Berries were transported to the laboratory and frozen at $À20 C to halt any larval feeding and development. Frozen berries were examined for visible results of damage. Using a razor blade, berries were superficially cut open longitudinally, and then pried apart to look for larvae and/or frass. Berries with frass inside, a clear entry hole, or larvae inside were considered damaged, and all others, including those that had reddened due to pathogen or physical damage, were discarded. The total number of damaged berries collected in each bed was recorded, as well as the number of larvae found in each bed. Samples that clearly contained over 1,000 berries were subsampled. First, the full samples were weighed, then 200 randomly selected berries of various sizes from each sample were weighed and checked for the presence of larvae and/or frass as described earlier. The total weight of the full sample was compared with the weight of the subsample, which was used to calculate the total number of damaged berries in the full sample. Larvae were saved in 95% ethanol, and later identified to species. The two main Lepidopteran larvae that feed within the fruit are cranberry fruitworm and sparganothis fruitworm (Averill and Sylvia 1998) , and larvae were identified by using the number of setae in the lateral group on the third thoracic segment (bisetose for cranberry fruitworm and trisetose for sparganothis fruitworm) to determine the corresponding family (Brown 1987 ) and confirm species.
Statistical Analyses
Adult trap counts for the first yearly flight of blackheaded fireworm and sparganothis fruitworm and the single yearly flight for cranberry fruitworm were analyzed. Counts from all weeks of the flight were averaged for each study bed for both years, and an analysis of variance (ANOVA) was done using cultivar as a fixed effect and site and year as random effects (PROC MIXED, SAS Institute 2014). For all data, if a significant P-value was found, Fisher's LSD was used to further analyze differences between cultivars (Snedecor and Cochran 1980) . Blackheaded fireworm count data were normalized through a square root transformation for analysis.
The average number of damaged berries and number of larvae for all 3 wk was calculated for each bed for 2014 and 2015. Years were combined and data were analyzed by an ANOVA using logtransformed data with cultivar as a fixed effect and site and year as random effects (PROC MIXED, SAS Institute 2014). If a significant P-value was found, Fisher's LSD was used to further analyze differences between cultivars.
The ratio of damaged berries to larvae was calculated for each bed in each of the 3 wk for both years. Weeks were averaged for each bed, and ratios of damaged berries to larvae were log-transformed and compared across cultivars using an ANOVA with cultivar as a fixed effect and year as a random effect (PROC MIXED, SAS Institute 2014). If a significant P-value was found, Fisher's LSD was used to further analyze differences between cultivars and weeks.
Results
Adult Population Densities
The three moth species had significantly different average trap catches (F 2,58 ¼ 145.02, P < 0.0001). Blackheaded fireworm had the lowest average trap counts (mean 6 SEM; 3.7 6 0.52 moths per trap, n ¼ 406), sparganothis fruitworm trap counts were much higher (21.3 6 1.56 moths per trap, n ¼ 406), and cranberry fruitworm had the highest average moths per trap (28.9 6 1.81, n ¼ 314). Cranberry fruitworm and sparganothis fruitworm had similar average trap counts in 2014, and both had significantly higher average trap counts in 2014 than in 2013, whereas blackheaded fireworm did not. The year Â species interaction was significant (year: F 1,121 ¼ 32.09, P < 0.0001; Year Â species: F 2,121 ¼ 6.17, P ¼ 0.0028; Fig. 1 ) The seasonal phenology of the three species depicting the first flights of blackheaded fireworm and sparganothis fruitworm and the single yearly flight of cranberry fruitworm in 2014 indicates that all three species have similar flight patterns during the summer, with populations peaking at approximately the same time (6/30 for blackheaded fireworm and 7/7 for cranberry fruitworm and sparganothis fruitworm; Fig. 2) .
Of the three moth species, only adult male sparganothis fruitworm populations were significantly different among the different cultivars (F 4,31 ¼ 3.57, P ¼ 0.017). Ben Lear and Mullica Queen beds had significantly lower population densities of sparganothis fruitworm than beds of Stevens or GH1, and HyRed beds had lower populations than Stevens (Fig. 3 ). There were fewer blackheaded fireworm trapped in beds of GH1 than in other cultivars, but this difference was not significant (F 4,31 ¼ 1.02, P ¼ 0.4; Fig. 4 ). Adult populations of cranberry fruitworm were not significantly different among cultivars (F 4,31 ¼ 0.64, P ¼ 0.6; Fig. 5 ).
Damaged Berries
Over both years, 6,570 total damaged berries were collected (2,111 in 2014 and 4,459 in 2015) . There was a large range in the number of damaged berries between individual beds (0 to 1,926 berries), and the overall average was 54.0 6 19.46 (mean 6 SEM) berries per bed. Year was not a significant predictor in the model (F 1,29 ¼ 0.04, P ¼ 0.85); thus, years were combined for data analysis. There was a significant difference in the number of damaged berries among cultivars (F 4,29 ¼ 4.16, P ¼ 0.009; Fig. 6 ). Mullica Queen (mean 6 SEM; 129.1 6 62.56) had nearly four times the average number of berries as the next highest cultivar Ben Lear (33.5 6 10.37), but these two cultivars were not significantly different from each other. Both cultivars had significantly more damaged berries than Stevens (7.3 6 2.76) and GH1 (2.5 6 0.63) but not more than HyRed (31.7 6 20.08).
Larvae
All of the larvae found inside the damaged berries were either cranberry fruitworm or sparganothis fruitworm, and 99.4% of larvae were cranberry fruitworm. No webbed uprights were collected throughout the entirety of the study, indicating no sign of blackheaded fireworm larvae or foliage feeding by sparganothis fruitworm larvae. Year was not a significant predictor in the model (F 4,20 ¼ 0.2, P ¼ 0.66); thus, years were combined for data analysis. The number of larvae per bed was significantly different among cultivars (F 4,20 ¼ 3.30, P ¼ 0.042; Fig. 7 ). Similar to the damaged berry data, Mullica Queen (53.9 6 24.94) and Ben Lear (13.8 6 4.01) had the highest numbers of larvae, significantly more than GH1 (1.0 6 4.01).
Overall, 35.5% of damaged berries contained a larva, and there was an average ratio of 2.79 damaged berries to one larva for all weeks of sampling. The log-transformed ratio of damaged berries to larvae was significantly different across cultivars (F 4,27 ¼ 2.96, P ¼ 0.03), with Mullica Queen averaging a higher ratio (3.8 6 0.89) than Stevens (1.9 6 0.24), GH1 (2.0 6 0.31), or HyRed (1.6 6 0.29). Ben Lear was not significantly different from other cultivars (2.7 6 0.36).
Discussion
Our results showed that fruit infestation levels and larval population densities of cranberry fruitworm were significantly lower in some cranberry cultivars than others, indicating that certain cultivars may be less susceptible to cranberry fruitworm, the top pest of Wisconsin cranberries. Specifically, the fruit of Stevens and GH1 hosted significantly fewer cranberry fruitworm larvae than Ben Lear and Mullica Queen. This finding suggests that Stevens and GH1 exhibit greater levels of antibiosis and/or antixenosis than Ben Lear and Mullica Queen toward cranberry fruitworm. Thus, across a marsh, gravid females may find the fruit of Ben Lear and Mullica Queen to be preferable oviposition sites, and once their eggs hatch, the plant substrate and tissues may confer greater fitness to the feeding larvae. The fruit of Stevens and GH1 appear to be less preferable oviposition sites and/or less viable food sources for cranberry fruitworm.
Conversely, we show that adult male sparganothis fruitworm abundance was lower in Ben Lear and Mullica Queen beds than in all others, suggesting that these cultivars exhibit a degree of HPR to sparganothis fruitworm. This study is the first that we are aware of to measure field populations of sparganothis fruitworm across different cranberry cultivars. Sparganothis fruitworm is reported to be developing increasing resistance to organophosphate insecticides on the East Coast (Sylvia and Averill 2001) , and research into IPM strategies such as HPR is essential for sustainable management of this pest. Although adult sampling yielded significant differences, we were unable to collect sufficient sparganothis fruitworm larvae to assess differences in larval infestation rates.
Although there was a difference in larval cranberry fruitworm populations among cultivars, we did not observe a difference in adult male populations. The lack of difference in cranberry fruitworm adult male populations supports previous findings on the East Coast comparing several cranberry cultivars, including Ben Lear and Stevens (Averill 2010) . Cranberry fruitworm moths have been known to travel relatively long distances-up to 82 m in a single flight (Franklin 1948 )-and are also thought to move between bogs and uplands in the Northeast, gathering at mating sites in upland trees at night (Averill and Sylvia 1998) . As the adults are very mobile, it is possible that adult traps do not accurately represent the populations of individual beds but, rather, represent overall populations in an area. Conversely, the females may be more selective in where they choose to oviposit based on qualities of the fruit (Marchand and McNeil 2006) ; thus, larval populations may exhibit clearer trends among different cultivars. As larval damage is considered to be most economically important for growers, trends in larval populations are the most directly applicable measurement to management. Differences in larval cranberry fruitworm populations could be attributed to minor phenological differences among cultivars. Ben Lear, Mullica Queen, and HyRed are known to bloom and set fruit slightly earlier than Stevens and GH1 (McCown and Zeldin 2003, Rutgers New Jersey Agricultural Experimental Station 2010) . Gravid cranberry fruitworm females deposit a single egg on each berry, and each cranberry fruitworm larva must utilize the berry on which the egg is laid and cannot widely disperse (Averill and Sylvia 1998) . Therefore, fruit selection is largely dependent on the preference of ovipositing females (Marchand and McNeil 2004) . In a controlled laboratory environment, females generally preferred to lay eggs on larger berries, possibly to provide larvae with optimal resources (Marchand and McNeil 2006) . Early ripening cultivars such as Ben Lear and Mullica Queen may have larger berries during the moth flight and oviposition period, leading to higher infestations in these cultivars. Franklin (1948) noted that cranberry fruitworm seemed to infest early ripening cultivars more than later-ripening ones, and Averill and Sylvia (1998) have found that cranberry fruitworm females, even when reproductively mature, will avoid ovipositing on immature cranberries, selecting larger, growing berries instead. Future research should more closely examine the exact phenology of these cultivars during peak flight and oviposition.
This research found no significant differences in blackheaded fireworm adult populations among cultivars, which, to our knowledge, has not been measured previously. In the damaged fruit collection transects, we found neither larvae nor webbed uprights, which would have indicated blackheaded fireworm larval feeding. Blackheaded fireworm infestation often occurs in patchy "hotspots," which decreases the chance of finding larval damage (Sylvia and Averill 2005) . There were also far fewer adult males of this species trapped than the other two species, indicating low overall populations.
We found that the cultivar Ben Lear hosts one of the lowest populations of male sparganothis fruitworm, which is counter to anecdotal observations of higher populations of sparganothis fruitworm in Ben Lear compared with other cultivars (Averill and Sylvia 1998, Sylvia and Averill 2001) . Prior laboratory research has found that the larvae of gypsy moth, another polyphagous pest of cranberry, performed better on Ben Lear than other cultivars, including Stevens (Rodriguez-Saona et al. 2011) .
It is possible that the cultivars with the lowest population densities exhibit resistance in the form of antibiosis, and previous studies have indeed found differences in the levels of plant defensive compounds among several of the same cultivars than were used in this study (Neto et al. 2010 , Rodriguez-Saona et al. 2011 . One study found that higher concentrations of phenolic compounds were correlated with lower levels of feeding by gypsy moth (Neto et al. 2010) . Further research could confirm whether the five cultivars assessed in the current study differ in their chemical profiles, and how this relates to insect populations in commercial cranberry production.
Many other factors may affect moth populations besides HPR. Growers may utilize different chemical and cultural strategies for insect control, and localized pest outbreaks can influence insect populations in the field (Smith 2005) . Cranberry is a perennial crop and newly planted beds are far less dense than older beds, which may affect female moth oviposition preference. However, Ben Lear and Mullica Queen beds were planted at very different times, up to 40 years apart, and both had the highest levels of infestation.
This study revealed that different cultivars of cranberry host different populations of cranberry fruitworm and sparganothis fruitworm in commercial marshes. A survey of population densities in agricultural settings provides an important starting point in determining possible resistant and susceptible cultivars. Future research, including choice and no-choice studies for both cranberry fruitworm and sparganothis fruitworm, is necessary to further assess resistance levels and the mechanisms of resistance. Although this study looked at five commonly grown cranberry cultivars, there are over 140 identified native and cultivated cranberry varieties (Eck 1990) that have yet to be examined, and sources of resistance may exist in uncommon or wild cranberry varieties. The knowledge of how these widely grown cultivars are impacted by pest insects can serve as a basis for future planting and breeding of new cultivars. The history of cranberry cultivation and breeding has been relatively short, and the historical effectiveness of powerful broad-spectrum insecticides has left little need for alternative management strategies; thus, it is not surprising that varietal resistance to these three pests has not been examined in depth until now. However, as the problems associated with broad-spectrum pesticides become more evident, HPR may provide an important tool for pest management in this unique crop. 
